The average passage approach of Adamczyk et al (1990) has been used to simulate the multistage environment of the General Electric E 3 low pressure turbine. Four configurations have been analyzed and compared to test data. These include the nozzle only, the first stage, the first stage and a half and the first two stages. A high casing slope on the first stage nozzle causes the secondary flow vortex to separate off the casing and enter the downstream rotor. The detrimental effect on performance due to this vortex interaction has been predicted by the above approach whereas isolated blade row calculations cannot simulate this interaction. The unsteady analysis developed by Chen et al (1994) has also been run to understand the unsteady flow field in the first stage rotor and compare with the average passage model and test data. Comparisons of both the steady and unsteady analyses with data are generally good, although in the region near the casing of the shrouded rotors, the predicted loss is lower than that shown by the data.
INTRODUCTION
The use of steady 3D Navier-Stokes solvers has now become routine in the design and analysis of turbomachinery blade rows. Most runs are made assuming the blade is in isolation with prescribed conditions at inlet and exit, as described by Turner et al (1993) and Jennions et al (1993) . However, most blade rows are not operating in isolation, but are very closely coupled while operating in a multiblade row machine. One approach described by Dawes (1990) uses mixing planes to communicate across blade rows. However, Fritsch (1993) has demonstrated that a large entropy rise is produced at the interface planes. Also the strength of vorticity is weakened at these interface planes due to the averaging process. Another approach is to run a full unsteady Navier-Stokes multistage calculation using the approach of Rai (1987) . This turns out to be impractical in a design process due to the amount of computer time required. The unsteady inviscid solution could be obtained which has been done by Saxer et al (1993) , but the absence of viscosity eliminates many of the flow features now addressed by the isolated blade row solvers.
The model equations presented by Adamczyk (1985) have the capability of simulating the blade row interaction effects, and the method presented by Adamczyk et al (1990) has been extended to be a practical tool for solving the flowfield in a multistage turbomachine. To capture the unsteady interaction, the unsteady solver described by Chen et al (1994) has been used. It has the capability to be run as a stage solver or as a wake-blade row solver. For efficient solution times, the wake-blade row approach has been used. The average passage solution describes the upstream influences, and is also used to set up the initial solution and periodic boundary conditions. This reduces the number of cycles needed to reach a periodic solution. This paper will briefly explain both the average passage approach and the unsteady solver. The E 3 low pressure turbine test program is described, and a discussion of numerical results for this turbine is then presented.
NUMERICAL APPROACH
To account for blade row interaction, either the Adamczyk (1985) approach can be used or the unsteady flow field can be solved. The Adamczyk approach requires some modeling to get the extra terms which account for the ef-fect of unsteady and stage-to-stage interactions. Codes which use both approaches are described below.
Average Passage Model
The model equations for the average passage approach were presented by Adamczyk (1985) . Due to the circumferential averaging across the passage, extra terms arise due to the nonlinearities in the equations. These are similar to Reynolds stress terms which result when the Navier-Stokes equations are ensemble averaged. These terms have been modeled and are discussed by Adamczyk et al (1990) . The basic solver is a cell-centered timemarching Runge-Kutta scheme as presented by Jameson et al (1981) . Local time-stepping and implicit residual smoothing are used to accelerate convergence. Both second and fourth-order dissipation are applied to eliminate unstable odd-even modes and to capture shocks. To allow consistent axisymmetric solutions, and to facilitate the averaging, strict H-grids are required when running the code with more than one blade row.
By using overlapping grids, exchanging body forces from neighboring blade rows, and modeling these extra terms, the interaction effects of a multistage turbomachine can be simulated. The procedure involves running the 3D solver with the body forces from the other blade rows. This is done for each blade row. When all the blade rows have been solved, the new body forces are distributed to each blade row. This is called a flip. By construction, there exists one unique axisymmetric solution. Enough flips are run so that each blade row's axisymmetric solution will converge to this unique solution.
Reduced Model
One drawback to the full model is that a 3D solution of the entire machine domain is required for each blade row. This means the overall size of the problem for solving an n blade row machine is n2 larger than a single blade row case. To reduce this burden, it was recognized that the interaction effects decay away from the source. Therefore it is realistic to use a reduced 3D solution. For the results presented, this reduced domain extends upstream and downstream one blade row. A meridional view of the 3D domains of the reduced model used for a 2 stage machine is shown in Figure 1 . Upstream and downstream of the 3D region is a 2D axisymmetric region which solves the axisymmetric equations using the body forces that the full model would have used. It is the development of the reduced model that makes the Average Passage approach practical for analyzing a multi-stage machine.
The code for the reduced model was obtained from Adamczyk at NASA Lewis Research Center. It had a novel variable C, and y capability, which is explained in Appendix A. The author added a trailing edge treatment, explained in Appendix B. Other modifications were made to improve the ease of use such as dynamic memory allocation and free format input. This code was then used to obtain the results presented in the Results section.
Reduced Model Computational Procedure
The starting procedure for running a multistage machine with the average passage code has been greatly simplified by utilizing an existing axisymmetric solution obtained from a code described by Adkins and Smith (1982) . This allows the axisymmetric average and the dominant body force terms to be assigned very reasonable initial values. The initial 3D solution is set to the axisymmetric solution. Once these initial files are set up, the average passage code starts up like any other flip in the iterative process. This process is shown schematically in Figure 2 .
Unsteady Solver
The unsteady solver was described by Chen et al (1994) . It is an implicit finite volume scheme capable of using very large CFL numbers. The number of time steps required is therefore dependent on the frequency resolution needed, not due to stability requirements. The solver is therefore very fast. Improvements in solution time are also obtained by starting with good initial conditions. These are derived from the average passage solution and include the initial solution, the initial time-dependent periodic boundary conditions and the time-dependent inlet boundary condition. Because the average passage solution has the effects from the adjacent blade rows, the initial solution one obtains is only a perturbation from the actual unsteady solution at that time interval.
The code can be run as a stage solver or as a wakeblade row solver. The results presented later are from the wake-blade row calculation. The transmission of unsteady flow information from the downstream blade row to the upstream blades was assumed negligible. Also, using the wake-blade row solver allows the exact blade count to be modeled with only one passage. The current stage solver requires an integral number of blade passages for each blade row. For the first stage presented in this paper, there are 110 rotor blades and 56 nozzles. To model this exactly would require 55 rotor blade passages and 28 nozzle passages. Even though the count is very close to 2 rotor blades for each nozzle, the implied geometry change would effect the unsteady wave propagations. Running as a wake-blade row calculation eliminates this assumption.
E3 LOW PRESSURE TURBINE SCALED TEST
A scaled low pressure turbine test was conducted as part of the NASA E 3 program. This program consisted of two sets of blading (blocks).
The Block I series had four configurations as listed below, each of which are analyzed in this paper.
The design, test, and data analyses are described by Bridgman et al (1983) . Figure 3 shows the rig assembly for the Block I two-stage group. The other configurations are similar with different transition ducts downstream of the last blade row.
Plane 42 is the Duct Inlet Plane at which radial and circumferential surveys of total pressure (PT), total temperature (TT), and angle were made during configuration 1 testing (Nozzle 1 only). This data demonstrated that inlet TT and angle were uniform. Slight radial variations in PT were measured, and are shown in Figure 4 . These profiles of PT, TT and angle served as the inlet boundary conditions for all numerical simulations presented. The level of PT and TT are defined by the average values from instrumentation mounted on the leading edge of a strut frame upstream of plane 42.
At plane 50, detailed radial and circumferential traverse surveys were conducted using a combination (Cobra) probe which measures PT, TT and angle. The precise calibration of the thermocouples on this probe was not critical to the testing procedure. The absolute level of the temperature is adjusted to match the measured torque when quoting efficiency. The temperatures (and calculated efficiencies) presented for comparison purposes are the circumferential averages with the torque corrections. When traversing behind a rotor (configurations 2 and 4 only), the experimental total pressure presented is based on the traverse profile shape adjusted to the level measured at downstream rakes (plane 55). At plane 50, five static taps are equally spaced circumferentially at both the hub and casing. The average of these five pressures define the hub and casing static pressures. It is primarily plane 50 traverses which will be compared to in the following section. Measured temperature profiles were only reduced behind the rotors, so comparisons of temperature and efficiency are not made for configurations 1 and 3.
The data reduction program performs a circumferential averaging of the traverse data. This averaging uses a mixing analysis similar to Stewart (1955) . Therefore the temperature should represent a mass averaged temperature, and the total pressure and angle should represent a mixed out value. Several assumptions are made. One is that the static pressure variation is linear from the hub to the casing, and another is that the mixing occurs only in the circumferential direction and at a constant pressure. It is also assumed that the radial velocity is zero.
Accuracies of the measurements are: 1 rpm on speed, 0.1% on torque, 0.15% on flow, 1° F (0.13%) on temperature, and 0.1% on the absolute level of pressure.
At plane 55 are additional hub and casing static pressure taps, and PT and TT arc rakes were placed behind the rotors (configuration 2 and 4) only.
The geometry analyzed was based on the aero design intent computer files which were originally created in 1978. After observing the poor agreement in exit angle for configuration 1 (after all the analyses had been done), it was recalled (and verified in design record books) that nozzle 1 had been rotated open one degree. This was done in the manufacturing definition of the nozzle, but was not in the aero design definition. This had the strongest impact when comparing to configuration 1, especially in the angle and mass flow. The effects of this geometry discrepancy decreased when more blade rows were analyzed.
RESULTS
Grids have been set up for each configuration. All calculations have 41 grid points spanwise, and in the 3D domain, there are 33 blade-to-blade points. The number of axial grid points in the 3D domain for each case are shown in Table 1 under the column ni. Table 1 also lists the computer time and memory required for each run. For a single blade row calculation, the whole domain is 3D. For configuration 2, this two blade row case is run with the entire 3D mesh overlapping. For the other two configurations, the reduced approach is used which has an axisymmetric region upstream and downstream of the 3D domain. Table  2 shows the number of axisymmetric grid points upstream and downstream of the 3D region in addition to the number of axial points in the 3D grid. Table 3 lists the mass flow for each case run and compares with the experimental values.
The actual rounded trailing edges are not resolved. Many grid points would be needed to resolve such a small trailing edge. Either solid wedges or a trailing edge treatment (see Appendix B) were used. For configuration 1, both trailing edge options were used. For consistency of geometry for all runs of configuration 2, the trailing edges were modeled as solid wedges due to the inability to use the trailing edge treatment as an option for the unsteady code. For configurations 3 and 4, only the trailing edge treatment was used.
Configurations 1 and 2 had constant properties, whereas configurations 3 and 4 used the variable Cr, and -y option. Configuration 1 (the nozzle only) has essentially constant total temperature, so constant properties are a valid assumption. Configuration 2 was run with constant properties since the unsteady solver did not have the option to run with variable C, and -y.
The inlet plane for each configuration was at plane 42 of the experimental rig. The exit plane was well downstream of the measurement plane (between 77% and 97% of the last blade row's hub axial width) to ensure that predictions at this plane were not affected by imposed downstream boundary conditions. The static pressure downstream was set to a linear profile with the level adjusted iteratively until the predicted values at the plane 50 axial location matched the measured value within the desired tolerance. The pressures matched to within 0.35% of the upstream total pressure or .15 psi which is much less than the circumferential variation of the measured pressures. On average, three iterations were required to set the back pressure. The unsteady calculation used the stage result to set the downstream boundary conditions. For the average passage runs, all surfaces were treated as fully turbulent except the suction surface of nozzle 1. Here, transition was set at 60% axial chord which was based on a boundary layer calculation of the midspan section. The grid resolution did not allow the laminar boundary layer upstream of transition to be well defined (the y + 50 on the blade surfaces in the turbulent region). Cases were run to determine the sensitivity of predicted loss to the prescribed transition location. Although the differences were small (about 10% of the total measured loss when going from specified transition at 60% to fully turbulent), the trends were physical.
Configuration 1
The nozzle was run using the average passage code as an isolated blade row. Although not required, a pure H-grid was used due to the requirements of the upcoming calculations. It was run both with and without the trailing edge treatment. The case without trailing edge treatment was run first. As described previously, the back pressure was iterated on to obtain the measured values. The case with trailing edge treatment was then restarted from this converged solution. No further iteration of back pressure was required. Figure 5 shows the profiles of static pressure (a), total pressure (b) and angle (c) at the measurement plane. Figure 5a shows the good agreement with the measured static pressures for both cases. The profile is not linear due to a strong tip vortex which has a low static presure. The vortex can also be seen in Figure 5b which shows a total pressure hole at the same 80-90% span location. On this plot are three curves compared with measurement points. Two curves are the mass averaged quantities with and without trailing edge treatment, and the remaining curve is the mixed out value of total pressure using the trailing edge trailing edge treatment treatment option. The same data reduction program was used to generate the mixed-out values for the analysis as was used for the test data. As expected, the mixed-out values are less than the mass averaged values, but the difference is very small. One assumption used in the mixing analysis is that the static pressure profile is linear from hub to casing. From these solutions, it can be seen that this assumption, although not far off, is not strictly valid.
The comparison with data is very good. Away from the endwalls, the absolute level of loss is very small (at midspan, the measured efficiency based on kinetic energy is 97.5%) and the scales in the plot are quite expanded so the code has to be quite accurate to pick this up. One reason for this is the low level of numerical dissipation used (the dissipation exponentially goes to zero near solid surfaces). Figure 5c shows the comparison of exit angle. There is very little difference between the mixed-out and mass averaged angles. The profile shapes are all very similar, with the over and under turning due to the secondary flows being well predicted. At the pitchline, with the trailing edge treatment, the prediction is 1.8 degrees more closed than the experimental results, and without the trailing edge treatment is 2.5 degrees more closed. As explained in the previous section, the actual geometry tested had been opened one degree compared to what was analyzed. When this is taken into account, the agreement with the test data is good (less than one degree) when using the trailing edge treatment. The effect of the trailing edge treatment is to produce better exit angle agreement and to add more loss due to the base pressure being applied to a thicker trailing edge.
The mass flow comparisons are listed in Table 3 . At an exit angle of 61 degrees, one degree of rotation open is a 3.1% increase in the throat area. If the angle difference is accounted for, the comparison between the experimental result and the prediction with the trailing edge treatment is good. Figure 6 is a comparison of total pressure contours at the measurement plane. The comparison between the analysis and measurement is very good. Although a hub vortex is calculated with similar total pressures at the core, the measured contours are more spread out than the calculation. The tip vortex compares very well. It is a dominant feature which has actually separated off the casing. The inlet duct for the nozzle has a high slope which causes high diffusion and thickens the incoming boundary layer. The vorticity in this boundary layer turns with the nozzle to produce streamwise vorticity and therefore secondary flow. The weaker fluid in this vortex is strongly influenced by the static pressure field induced by the turned flow and high wall slope to cause it to separate off the casing. In the process, good high momentum fluid ends up toward the casing. This vortex takes up a substantial region of the blade height and can significantly interact with the downstream rotor.
Configuration 2
Configuration 2 was analyzed as a stage with the average passage code, as an isolated rotor and as a wake-rotor interaction calculation using the unsteady code. The isolated rotor case used the results from the stage calculation to define the boundary conditions. At the inlet to the rotor, the mass averaged total pressure and flow angles obtained from the stage solution were enforced. The upstream uniform total temperature was also enforced. The stage calculations were also used to define the initial solution, the initial time-dependent periodic boundary conditions and the time-dependent inlet boundary condition for the unsteady calculation.
A comparison of the profiles are shown in Figure 7 , the total pressure in (a), the total temperature in (b), the efficiency in (c) and the angle in (d). It is hard to define what a steady stationary probe actually "senses" behind a rotor blade, but ideally it would be the time averaged value. In the relative frame, this is the area average, so for these plots, the area averages are used for the stage and rotor only calculations. For the unsteady calculation, the area average of the time average is plotted.
A key feature in the experimental results is the efficiency hole (Figure 7c ) between 60 and 80% span which is a result of the rise in total temperature. This hole, which is felt to be an interaction loss due to the nozzle tip vortex, is predicted by using the average passage model and the unsteady solver, but not in the rotor only calculation. Although predicted, its spanwise location is too high. Also for all the calculations, the efficiency is too high at the casing which is a result of both a lower measured total pressure and higher measured total temperature. One physical explanation for this high loss is that the tip of the rotor is shrouded and there is some leakage across the seal which strongly interacts with the free stream. This leakage is not modeled in the calculations. Besides higher loss, the leakage maybe what drives the loss hole to a lower span.
The levels of total temperature are low because the measurements have been adjusted to the level based on the torque measurement which has windage and bearing losses. This is also why the efficiency is high compared to the data.
The average passage results of total pressure and temperature have very large oscillations. The total pressure actually swings opposite the direction of the data. One explanation for this is that the average passage model uses turbulent viscosity to model the unsteady mixing process. Because the viscosity coefficient is small, the upstream disturbance (the vortex) has too strong an influence downstream. Therefore the total pressure and total temperature are not correct. But, because little diffusion has been added, the efficiency is very reasonable. The actual unsteady process is not a diffusion process at all; therefore this viscosity coefficient should not be increased. The unsteady results show a more realistic smoothed out profile of PT and TT, and also show the effect of the vortex interaction. Even though some of the interaction effects have been accentuated, the average passage code does pick them up which the rotor only calculation did not. It is hoped that the modeling of the unsteady effects can be improved, and through unsteady analysis more insight can be obtained on how to do this.
The unsteady code was run for 10 cycles. The time history of the static pressure on the blade surfaces at midspan and the inlet and exit mass flows are shown in Figures 8 and 9 , respectively. The static pressure has essentially become periodic after 3 cycles whereas it took the exit mass flow 7 cycles. This is still very fast, and can be attributed to the excellent starting solution obtained from the stage calculation. The solution times are also quite reasonable, even from a design standpoint, less than 3.7 hours on a CRAY C90. It did, however take almost 15 hours to obtain the stage calculation (see Table 1 ). This could be reduced by almost half if the back pressure were known and would not not have to be iterated on. The other major resource is computer memory, 62.9 million words. Figure 10 is a plot of unsteady particle traces. Particles were spawned in time from 3 different spanwise loca-tions at the rotor leading edge plane, each at the center of the passage (mid-pitch). These are not a line of particles released across the blade pitch, but are at one bladeto-blade location in the relative frame. At the mid-span location, the flowfield is fairly steady. But at the hub, it appears that the flowfield is calm for 50% of the chord and then the particles get dispersed spanwise. At the tip, the effect of the nozzle vortex is evident with the strong radial flows near the leading edge. This plot clearly shows the spanwise mixing effect due to the unsteady secondary flows interacting with the blade row.
The calculated flow rates are shown in Table 3 . The comparison is adequate for all cases, but is hard to quantify considering the error in geometry of nozzle 1.
Configuration 3
The results for configuration 3 are in Figure 11 . The agreement in both total pressure and angle is very good between the hub and mid-span. However, at the tip, there is a loss hole in total pressure due to the large shear layer which was measured downstream of the rotor in configuration 2. It is also evident in the angle profiles. Because this shear layer was not predicted in the average passage code, the loss hole is not predicted.
The mass flow is listed in Table 3 , and is high (it would even be higher if the real nozzle 1 geometry were used) and is due to total pressures which are too high in the tip and angles which are too low.
Configuration 4
The comparison of the profiles at the measurement plane for configuration 4 are in Figure 12 . Although the loss in total pressure at the tip is again underpredicted, the comparison between the hub and mid-span is very good. The angle level and shape are also predicted well except near the tip. The shapes of the total temperature and efficiency are also predicted well. Again, the levels are off due to a torque correction applied to the total temperature. The flow rate (see Table 3 ) is predicted slightly high especially if adjusted for the nozzle 1 geometry difference. Again this is probably due to the lower loss predicted at the tip. Overall, however the agreement is good considering four blade rows are being analyzed at once.
Blade-row interaction effects due to upstream vor-
ticity and circumferential variations appear to be captured with the average passage code and unsteady solver. These effects are not even modeled with an isolated blade row code or a code which uses mixing planes.
3. The loss mechanisms in a low pressure turbine rotor tip shroud need to be better understood and need to be modeled in order to better predict multistage performance.
4. The start-up of the average passage code using an initial axisymmetric solution greatly facilitates its use. 5. The spanwise mixing due to the unsteadiness of secondary flows is quite extensive. 6. The model used in the average passage code to simulate the chopping of wakes and vortices in the downstream passage needs further development so the simulations are more physical.
The first stage nozzle which was tested was rotated open one degree compared to the geometry analyzed. The results presented are consistent with this difference, and re-running these computer intensive calculations with the modified geometry would not change the conclusions presented above. This mistake was made because of the multiple number of geometry definitions which existed back in 1978. It is hoped that the number of these mistakes will be reduced in the future with the use of master geometry models where consistent geometry can be guaranteed. and advice in runnin g the codes presented in this paper. Thanks are due also to Mark Pearson and Dave Cherry for their help in making the comparisons with the E 3 data. I would like to acknowledge that it was Graham Holmes at GE Corporate Research and Development Center who first put the trailing edge treatment into a 3D flow solver. I would also like to thank GE Aircraft Engines for permission to publish this paper. NAS computer time was used for some of the calculations presented, and was greatly appreciated.
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CvdT, (2) and the enthalpy is
where
ere f is the internal energy at Tre f, and lyre f is the enthalpy at Tre f. From the mean value theorem,
and h = CplrefTref +Cp(T -Tre f). (7) Assume that Cv and Cp are the arithmetic averages between T and Tre f 
therefore p -C" = R.
Cv^1, Cj1 and yl are C" Cp and y at Tre f. . They are not necessarily equal to C. ref, Cp I re f or y,.e f , although these values just set the absolute level of internal energy or enthalpy. The absolute level is usually not important; it is the differences that matter. A case for which the absolute level might matter is if a turbine blade row is being analyzed with cooling flow. That flow has different properties in terms of fuel-air ratio and water-air ratio, so R is different. To get the right energy addition without allowing for multiple species requires that the absolute levels be consistent. If this is not necessary, setting y re f = yl could be done.
The function for y could be as complicated as desired, but in the code, it has been chosen to be a linear function of temperature: where 72 is y at T2. By choosing T2 and Try f to be the minimum and maximum values expected, y, C,,, and C, are very accurately modeled.
The total internal energy is:
where q is the absolute total velocity. Solving for T T _ eo -e re f + CvTref -q2/2 (15) -C"
Applying the ideal gas law
and defining
an equation for pressure is obtained:
so that the equation to calculate pressure uses y instead of y and has an extra term which is a function of (C, -Cv I re f ).
When post processing, and when applying boundary conditions, it is assumed that the Cp difference is small between the total temperature and the static temperature such that is valid for an ideal gas. It is assumed that
\Tref \]7ref J Therefore Cy/R PT=P(7 T ) =P (7) .
To eliminate extra nonlinear terms which have to be accounted for by averaging across the passage, y is a 2D array rather than 3D, and is strictly a function of the axisymmetric temperature.
APPENDIX B: TRAILING EDGE TREATMENT
The trailing edge treatment is really quite simple and tries to model the blockage due to the trailing edge vortices without actually using a fine grid and resolving the details. Having such a fine grid may also lead to unwanted unsteadiness in a time-marching solver. Worse yet is not having enough resolution to resolve the vortices (this assumes the Reynolds number is high) and the flow stays attached all around the high curvature region of the trailing edge. Any exit angle can be obtained in this case. It should also predict some part of the base pressure loss since the trailing edge is subject to a force normal to the trailing edge. This approach is also superior to fitting the trailing edge with a wedge or cusp, because these essentially act like a flap and large circulation changes can be made with subtle changes to the appended geometry. The trailing edge treatment should only be applied for thin trailing edges in subsonic flow, because the loss mechanisms for blunt trailing edges and shocks are dependent on the details of the trailing edge. Figure 13 is a schematic of the trailing edge treatment. The blade is cut off at the location where it would otherwise be rounded. For the strict H-grids used by the average passage code, the blade must be cut off at a conj 3D extent of nozzle 1, overlaps inlet region and rotor 1 ni 3D extent of rotor 1, overlaps nozzle 1 and nozzle 2 r1 3D extent of nozzle 2, overlaps rotor 1 and rotor 2 n 3D extent of rotor 2, overlaps nozzle 2 and exit region stant axial location. The grid lines are then cusped to a point some distance downstream. This is usually 3 to 10 times the trailing edge thickness. This region is no longer treated as a solid boundary, but becomes a modified periodic boundary. The normal periodic boundary conditions are applied for a cell-centered code: U2 = U4, and U3 = Ui (25) where U represents the dependent variables including static pressure.
If nothing were done, there would be a mass flux error. Although the flow variables are identical at each face, the projected areas are not. Therefore the mass flux at (a) and (b) are averaged and the average is applied (likewise for (c) and (d)). The momentum flux is the mass flux times the velocity and the energy flux is the mass flux times the total enthalpy, so these are then identical. It is the pressure force (for a rotor it is also the whirl work) which is different. Essentially normal to the trailing edge plane, the "open cusp" is unloaded. However, through conservation there is a net force which acts against the trailing edge to produce a base pressure loss. This approach is simple, but simulates the blockage, Kutta condition and base pressure loss without a fine grid. 
